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ABSTRACT 


The physical, chemical and biological features of a foothill stream 
of western Alberta were investigated during the period May 1967 to July 
1968 with the hope that information collected would provide a basis for 
documenting the effects of future pulpwood extraction on the stream com- 
munity. 

Water discharge and water temperature of Wampus Creek exhibited 
extensive annual fluctuations. Increased discharge and slowly rising 
temperatures occurred during the spring. In summer, daily temperatures 
fluctuated widely and discharge decreased. Water temperatures were con- 
tinuously above 15°C for only one week of the study. By late August, 
water temperatures were steadily decreasing. Flow reached low stages 
during the fall and remained low throughout the winter. 

During the study period, 14 species of Ephemeroptera, 25 species 
of Pliecoptera, 14 species of Trichoptera, sand) representatives, of six 
families of Diptera were collected. Life histories were worked out for 
the common species of mayflies and stoneflies. Ephemerella doddst, 
Ephemerella grandts ingens, Ephemerella coloradensis, Ephemerella tibialts, 
Ephemerella tnermts, Epeorus longtmanus, Rhtthrogena sp., Nemoura cinctipes, 
Nemoura oregonensts, Nemoura decepta, Brachyptera nigripennis, Isogenus 
nonus, and Areynopteryx curvata were univoltine; Baetts sp. had at least 
two generations a year; Acroneurta pacitftca required more than one year 
for development. Ephemerella ttbitalts possibly was a true summer 
(temporary) species. 

Ephemeroptera, specifically Baetis sp. and Ctnygmula spp., was 


the dominant order of aquatic invertebrates of Wampus Creek in terms of 
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numbers and volume-biomass. For most of the year, mayflies made up at 
least 50% of the "total" fauna. Plecoptera was the second most impor- 
tant order of aquatic insects. 

Quantitative samples, collected with the Surber sampler, indicated 
that Wampus Creek had a yearly average of 190 organisms per ft* (2047/m2) 
and a yearly average volume of 0.33 cc per ft* (3.55 cc/m*). 

Statistical differences in life history analysis due to mesh 
size efficiency were found for Ephemerella doddsi and Nemoura decepta. 
Mesh size differences did not statistically influence life history 
interpretations of Epeorus longimanus, Nemoura cincttpes, Nemoura 
oregonensits, and Brachyptera nigripennts. Body shape of aquatic organisms 
appeared to be important in explaining mesh efficiency. Number and 
volume-biomasses, expressed in percentages, collected by different meshed 
dip nets were similar. Samples were also collected with a ''composite" 
dip net and a "composite" Surber sampler, each having both regular and 
fine meshed nets. The fine net component collected a much larger number 
of organisms than did the regular net component, but differences in 


terms of volume-biomass were small. 
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INTRODUCTION 


Man's activities have in many cases altered the ecological 
equilibrium of stream communities. Specifically, logging, road and 
bridge construction, stream-channel relocation, and removal of vegeta- 
tion along stream banks have resulted in drastic changes in stream 
communities. Unfortunately, aquatic ecologists, in most cases, have 
failed to document these physical, chemical, and biological changes. 
Documented information on the effects of land use as related to stream 
communities could have a dual purpose. Firstly, this information 
would enable ecologists to better understand the dynamic relationship 
between the biological community and the physical and chemical features 
of the aquatic environment. Secondly, it would be of great practical 
benefit to fisheries biologists, who have often had to formulate 
policies from data collected after habitat destruction had occurred. 
The results of adverse land-use activities are obvious; however, little 
concrete data are available that can demonstrate what actually happened 
to the stream community. Since land manipulation will continue and 
the number of virgin Streams as rapidly decreasing, 1t 1S imperatave 
that an ecological study involving many disciplines be designed to 
document these changes. 

Situated along the eastern foothills of the Rocky Mountains are 
many small watersheds that are important sources of water for some of 
the major river systems of western and northern Canada. Many of these 
watersheds are forested with pine and spruce, prime raw materials for 
the pulpwood industry. In 1965, the Tri-Creek Fisheries Watershed 
Investigation was initiated for the purpose of measuring and recording 


the effects of land use, pulpwood extraction and its associated activities 
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on the physical, chemical and biotic characteristics of three small 
trout streams of western Alberta. Co-operating in this investigation 
are agrologists, biologists, foresters, geologists and hydrologists. 

My association with this investigation was to study the aquatic 
invertebrate fauna, and thus provide a foundation for studies to be 
carried out during and after pulpwood extraction. The main objectives 
were as follows: 

1) to determine what species were present, 

2) Lo describe the lite histories of the common Species, 

3) to describe the community structure, and 

4) to determine the standing crop of the aquatic invertebrates. 

To achieve these objectives, the problem of sampling required 
special consideration. Macan (1958a) reviewed the various methods of 
sampling bottom fauna in stony streams. After examining the advantages 
and disadvantages of the various methods, I decided that the hand-net 
method would be used for obtaining information on the species present, 
life histories and community composition. For standing crop determina- 
tions, the Surber sampler was selected as the most appropriate for the 
Study area. 

The importance of mesh size in sampling an aquatic community has 
received some discussion by ecologists (Jénasson, 1955; Macan, 1958a; 
Mackereth, 1957); however, no studies have been carried out in which 
samples collected with a fine meshed sampler are compared with those 
of a coarse meshed sampler in relation to the life histories of the 
organisms, community composition (numbers or volume-biomass) and 
standing crop. The importance of mesh size as related to life histories, 


community composition and standing crop was assessed using different 
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samplers: dip nets and Surber samplers constructed with either fine or 
coarse meshed nets, and ''composite" samplers having both fine and coarse 


meshed nets. 
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DESCRIPTION OF STUDY AREA 


The Tri-Creek basin, consisting of Wampus, Deerlick, and Eunice 
Creek, is located approximately 100 km west southwest of Edmonton, 
Alberta (Fig. 1). The geographical location is 53°09' north latitude 
and 117°15' west longitude. The three northward flowing streams are 
tributaries to the McLeod River, a tributary of the Athabasca River, 
which drains into the Arctic Ocean ia the MacKenzie River. 

The basin is situated in the Rocky Mountain Foothill Belt, an 
area characterized by ridges and valleys orientated in a northwest 
direction. Range elevations are 1,259 to 1,685 metres above Sea level: 
Geologically, rocks of the Upper Cretaceous Alberta Group and Brazeau 
Formation are represented; surficial materials in the basin include 
glacial tills, glaciolacustrine silts, local ice contact and deltaic 
deposits, and a minor glacial outwash (Currie, 1969). Soils are 
mainly bisequa grey wooded in association with orthic grey wooded 
soils, the latter occurring in areas having glacial till as the parent 
material (Currie, 1969). Moss (1955) classified the vegetation of the 
study area as sub-alpine forest dominated by coniferous vegetation. 
Dominant tree types are lodgepole pine (Pinus contorta), white spruce 
(Picea glauca), black spruce (Picea martana), and alpine fir (Abtes 
lastocarpa). Meadows of willows (Saltx spp.), sedges (Carex spp.), 
and swamp birch (Betula pumila) occur in areas of moist soil. 

The climate of the study area is classified as humid micro- 
thermal and subarctic (Atlas of Canada, 1957). The K&ppen classifica- 
tion indicates a rain-snow climate with cold winters, precipitation 
throughout the year, and cool, short summers, having mean temperatures 


above 10°C for only 1 to 3 months. 
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A meterological station located in the study area provided the 


precipitation and temperature data of Table 1. Total precipitation for 


the period June 1967 to June 1968 was 40.34 cm. The mean annual total 


precipitation for this area is 50-75 cm, indicating that the study was 


conducted during a rather dry year. A maximum daily temperature of 


17.8°C in February 1968 was unusual for this time of year. 
Wampus Creek supports a fish fauna composed of rainbow trout 
(Salmo gatrdnert), mountain whitefish (Prosopium willtamsont), burbot 


(Lota lota) and spoonhead sculpin (Cottus rticet). 


apt sins eae . 
| Hgts 


AC 


a 
> 


1s9y to eae sags tot i 
iors wodnisy to beazoqmos anust deit ae 
sodaud * Waroanntd Tt maracas) dere iw 


, Caged ‘auttod) 1 qiuse 


TABLE 1. Air temperatures and precipitation at Wampus Creek, June 1967 


to June 1968 


Atr Temperature (°C) 
Total Monthly 


Mean Mean Daily Mean Daily Maximum Minimum Precipitation 

Month Daily Maximum Minimum Daily Daily cm inches 

1967 

June LORS 18,6 19 26.6 -2.8 7.90 eels! 
July 11.4 20.8 Ze 28.45 -2.8 Sai ZO 
Aug 15.0 Zone 220 S020 -5.0 4.17 1.64 
Sept. On Zee O -0.3 29,4 -5.6 1.95 0.76 
Oct 0.8 egal =5,6 16.1 -14.4 163 0.72 
Dil WaZ0 

Nov -5.9 LS -13.4 TOE0 -25.0 3.40 34 
ons 1520 

Dec -12.9 -7.1 -18.8 Se - 37.8 1.19 0.47 

1968 

Jan 15.) siete tf -21.3 1c = 5000 53.50 1.40 
Feb Dial, -2.6 -22.8 L708 -44.4 Open 0.20 
Marche 4.33)58 a IERS) ell. JD 13.9) -17.8 1,14 0.45 
April -3.0 5ae -11.8 152.0 -24.4 5.84 ZOU 
May 4.0 BSS) -4.0 PERS -8.9 SoG et) 
1.14 0.45 

June 7.4 SZ -0.4 2365 -5,0 Omiee RAS) 


s — Precipitation as snow. 
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METHODS 


Physical and chemical 

Stream discharge was obtained from an artificial gauging well 
connected by an outlet pipe to a broad crested weir constructed across 
the width of Wampus Creek (Fig. 1). Changes in water level in the 
artificial well were recorded with a Leopold Stevens A-35 negative 
spring drive recorder. Water level data were converted to cfs by the 
Department of Energy, Mines and Resources, Inland Waters Branch. 

At 3 day intervals during the spring and weekly during the 
summer, two suspended sediment samples were taken using a DH-4 sampler. 
The sampler consisted of a holding rod attached to a torpedo-shaped 
head containing a sample bottle. Water entered the bottle through a 
calibrated nozzle. A sample was collected by lowering the sampler 
at a constant rate from the surface to the bottom and back to the 
surface. The time interval necessary to complete the procedure was 
measured with a stop watch. All suspended sediment samples were 
analyzed by the Water Resources Branch of the Department of Energy, 
Mines and Resources. 

Dissolved oxygen, pH, turbidity, alkalinity, hardness, phosphate 
and sulphate were monitored throughout the study (Table 2). Dissolved 
oxygen was determined by the standard Winkler method using 0.025 N 
sodium thiosulphate. Rawson's Nomogram (Reid, 1961) was used to 
calculate per cent oxygen saturation. A Hellige color disk comparator 
using Creosol-red-B and Bromthymol-blue-D indicators was employed to 
measure hydrogen ion concentrations. Turbidity, alkalinity, hardness, 
phosphate and sulphate were measured with the Hach Model DR-EL water 


analysis kit. During the summer, all measurements were made in the 
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10 
field; in the winter, pH, dissolved oxygen and turbidity were measured 
in the field, and the remainder of the chemical analysis was conducted 
in the laboratory within 24 hours of the sampling time. During the 
ice-free period, water temperatures were continuously recorded with a 
Negretti and Lambra thermograph. Winter water temperatures were taken 
with a hand thermometer. 

Biological 

Biological sampling of Wampus Creek started in May 1967 and 
continued through June 1968. Biological sampling was confined to a 
riffle section located approximately 1 km upstream from the mouth of 
Wampus Creek (Fig. 1). The riffle section was about 100 m in length 
with a mean width of 5 m during peak flow. The substrate consisted of 
wubble, coarse gravel’ and fine’ gravel (Fig. 2). During the summer 
months, sampling was conducted every 3 weeks; in the winter, attempts 
were made to visit the creek every other month (Table 2). 

For the qualitative samples, two long-handled dip nets with 
different mesh sizes were used. The nets had mesh sizes of either 40 
or 60 meshes pex inch (16 or 24 meshes per cm), hereafter referred to 
as "regular meshed" and ''fine meshed" respectively. The sampling 
technique was similar to that described by Hynes (1961). The net was 
held on the stream bed and the area immediately upstream was vigorously 
Stirred by 100. Ateer cach "kick" “thes contents of the net were 
emptied into a white dish; this procedure was continued for 10 minutes. 
Samples were then transferred to jars and preserved in 10% formalin. 

For the quantitative samples, each of two Surber samplers, having 
the same mesh size as the dip nets, was used to sample 5 ft? of sub- 


strate; i.e. five "one-foot" square samples were taken at intervals 


‘pesoubnos 2ow 2ieylens Tsoimeds sit to fobatenet ody bas 
os gritnt omit gnifqas2 st to axuorl BS midziw . ; 

& Htiw babrover Yevounisaor oTow eatusotequst totBw <boteg sortnat | 7 
asist etsw zotuisTaqmet to7AW ~<o3niW «=. Aqetyonrred't atdnes bas | 
.tetomomren? Baad a4 


bre Yoel vam at aseeit fJoord zuqmeW to gaiiqnse tspigol ott i 

8 oF bonito ime qnifqnae Iscigofois .800i snmul dguords beunitnes 7 

+o davon Sat mort meetsequ ml 1 yLetemixoxqrs betssof aoisoee sittin 
fitgacl at m O01 tuods enw nottove oittiy sdY .(1 .gFt) isotd aqme 
to hseteieno> Sistredue sfT .wolt qeet gnityh m 2 to atbiw nsom s ie 


‘sume sit gaiuud .(S .git) toverg omit bas covery 921502 alan 


zgiqmetia ,1siniv edt ni ;alesw € yreve bssoubmoo 2sw gnilqmse 2 ; 


.(S sldeT) dtaom rsdto treve Assets ada tiety of sbam stew aL 
dtiw eter qib balbred-grol owt ,eolqmse ovitstilayp ots 104 


Oh todsto to zasie daem bed 2ten ent bee stew essie dest sxbaeth lh 
ot bertstser tertsorsd . (mo 19q 2zedeom S$ to Of) dont req asdesm 08 ro 
gtifqmee ed?. .yfovitosqeer “besiesm snit! brs “"beresm teisgen" . - 7 

zaw fen oT (108!) 2envH yd beditoesb sends ot tel mie caw . 
(iztorogiv 2sw meottaqu ylotgibemmi sets sf3 bas bed mest3< sit ao bied 


etew ton sdt to sinestnos eft ,"aoid" dose tagtA 200% YW 
.zesdnin OL rot beunrsno> eB eid eis ao esinw 5 otnt 


cn 
in 


gnivad . 21s! asduse ows 40 ae dan oy 


-dy2 Yo St} 2 olqmsz-o7 be2u eew rer aie ‘oneal 
zisvisont tc notes sis zolqmsz ar eupe leah uk’ a 


, 7 Oe , 


at, eee 


of } 7 a | . ; - a 
: irs ee veri at rs 
’- an 2 a mt task! 


Leth 


Figs 2, 


Upstream view of riffle section of Wampus Creek used for 


biological sampling. 
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across the width of a riffle section. These samples were handled in the 
same manner as the dip net samples. 

During the winter, the thick ice cover of the stream was removed 
using a chain saw equipped with an ice chain. The area sampled with 
the dip nets was restricted because of the work required to expose the 
stream bed. Winter Surber samples were not restricted in terms of area; 
however, sampling efficiency was reduced because of handling the sub- 
Strate in the-cold water, 

Modified samplers were used on 6 June 1968. Both the dip net and 
the Surber sampler were constructed with double bags; the mesh sizes 
being 40 and 60 threads per inch (16 and 24 per cm), hereafter referred 
to as composite dip net and composite Surber sampler. The fine meshed 
bag was attached with a zipper to the outside of the regular meshed bag 
(Fig. 3). Samples were taken in the same manner as above, the contents 
of each bag being treated separately. The basic assumption here is that 
organisms captured in the regular meshed bag would likewise be captured 
in the fine meshed one. Similarly, organisms that pass through the 
regular mesh would not pass through the fine mesh. Thus, the fine mesh 
bag should provide both a qualitative (species present) and quantitative 
(numbers or biomass) assessment of organisms that passed through the 
regular meshed bag. 

Adult insects were collected by "'sweeping" the grass and trees 
with a long-handled butterfly net. Some adult specimens were also 
obtained at night using a lantern. Adults were stored in 95% ethyl 
alcohol for subsequent identification. 

All samples were returned to the laboratory for sorting. A 


saturated sucrose solution was used to ''float'' the organisms, which were 
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Fig. 


A eeCOMpPOSLUG Crp ner 

B. Composite Surber sampler 

Symbols: C Coarse mesh netting 
F Fine mesh netting 


Z Zipper 
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then stored in 95% ethyl alcohol. Each type of sample—regular meshed 
dip, fine meshed dip, regular meshed Surber and fine meshed Surber—-was 
analyzed separately. 

General taxonomic keys used to identify the aquatic insects were 
Pennak (1953), Usinger (1963), and Ward and Whipple (1959). For 
Ephemeroptera, specific keys were Needham, Traver and Hsu (1935), 
Edmunds (1959), Allen and Edmunds (1959, 196la, 1961b, 1961e, 1962, and 
1965), and Edmunds and Allen (1964); for Plecoptera, specific keys were 
Ricker (1943) and Jewett (1959). However, it was impossible to identify 
most of the mayfly and stonefly nymphs to species. Dipterans and larval 
trichopterans were identified only to family. 

Total length measurements to the nearest 0.5 mm, excluding the 
cerci, were made for the more abundant species of mayflies and stoneflies. 
When the number of individuals of a species in a sample was high (above 
150), instead of measuring each specimen, a random sub-sample was taken. 
This was done by placing all the specimens in a petri-dish containing 
70% ethyl alcohol. The dish was gently rotated until the specimens were 
judged to be evenly distributed. A plastic grid was placed into the 
dish effectively dividing the sample into four parts. If the number of 
organisms in the sub-division was still too large, the procedure was 
repeated with one of the sub-samples. Biomass was determined volumet- 


rically following the procedure of Welch (1948). 
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PHYSICAL AND CHEMICAL CHARACTERISTICS OF WAMPUS CREEK 


Stream discharge 

Wampus Creek reached maximum discharge during the ice break-up in 
the spring, when the snow was melting. On 26 May 1967 a maximum discharge 
of 145 cfs was recorded. Discharge decreased during the summer months, 
reaching a mean monthly low of 1.8 cfs in September (Fig, 4). Fluctua- 
tions in the pattern of discharge during the summer paralleled the 
periods of precipitation. The lack of precipitation in the Wampus Creek 
basin during the ice free season resulted in unusually low discharge in 
the autumn of 1967. In October 1966 the mean discharge was 5.9 cfs with 
a minimum of 3.7 cfs, while in September 1967 the stream had already 
reached a mean of 1.8 cfs with a minimum of 1.5 cfs (Table 3). Although 
stream discharge was not monitored in winter, personal observations 
indicated that flow during the 1967-1968 winter was lower than for the 
same period of 1966-196/. 
Suspended sediment 

The maximum sediment value was 0.127 g/l obtained in June 1967 
(Pig. 4). This peak corresponded to a-peak in the Spring discharge. At 
this time the stream became turbid due to the run-off associated with 
the spring melt. With decreasing discharge, suspended sediment also 
decreased; fluctuations in the concentrations of suspended sediment 
paralleled those of discharge. Undoubtedly, a portion of the suspended 
sediment in Wampus Creek is autochthonous (i.e. the result of natural 
scouring of the stream channel); however, roads and seismic lines in 
the study area could have contributed some allochthonous suspended 


sediment. 
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Fig. 


4, 


Discharge and suspended sediment of Wampus Creek, 
and precipitation in the watershed, 1 June to 
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TABLE 3, Discharge of Wampus Creek 


Year Month Total Discharge Mean Maximum Minimum 
(cfs) 
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Temperature and ice conditions 

Monitoring of water temperature began on 15 June 1967; water 
temperatures rose in June and then levelled off during July (Fig. 5). 
During July and August, wide daily water temperature fluctuations 
occurred, reflecting at this time wide daily fluctuations in air 
temperatures, By late August and early September, decreasing daily air 
temperatures resulted in decreasing water temperature, with very little 
daily fluctuations. Surface ice was first noted on 19 October 1967, 
and it persisted until the spring break-up, which began during the 
first week of May 1968. The spring break-up continued for about 3 
weeks. With the disappearance of the ice, water temperatures started 
to fluctuate slightly, thus resuming the previous June pattern. 

The ice cover during the winter of 1967-1968 was atypical and 
is probably accounted for by the lack of precipitation in the summer 
and autumn of 1967. The low discharge in autumn of 1967 resulted in 
dee forming close to the Substrate. As the winter progressed and -aiz. 
temperatures fell to as low as -38 C°, the surface ice made contact 
With extensive portions of the substrate, On 23 February 1968, 4 30 em 
Strip on 1ce,, extending across tie Entire width Or a rigtlessection, 
was removed from the stream; surface ice extended into the substrate 
across the entire stream bottom, and there was no flow in the riffle 
section, but flow was found downstream. In the riffle section, flow 
must have occurred deep in the substrate. At this time, channel 
changes were observed in other sections. One could locate, by chisel- 
ing through the surface ice, the dry channel through which water had 
previously flowed, Undoubtedly, an ice dam formed upstream that 


caused the channel to relocate. Maciolek and Needham (1952) observed 
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Fig. 5. Daily range of water temperatures of Wampus Creek, 15 June 
1967 to 30 June 1968. Automatic recorder was removed 19 
October 1967 andsreplaced 235) May 1968. 


A represents measurements taken with hand thermometer. 
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Similar ice conditions in Convict Creek and noted mortality of aquatic 
invertebrates at this time. 

Melting due to unusually warm weather in February 1968 contri- 
buted further to the unusual ice conditions. A flow of melt water over 
the existing ice and then freezing temperatures at night caused "over- 
flow'' ice to form; in some sections of the stream the total ice thick- 
ness was 1 m. 

Macan (1958a), studying the yearly temperatures of a moorland 
stream in the Lake District of Britain, recorded mean weekly tempera- 
tures above 10° C for 24 weeks and mean weekly water temperatures 
below 5° C for only 12 weeks. In Wampus Creek, mean weekly temperatures 
above 10° C were recorded for 7 weeks, while temperatures below 5° C 
were recorded for 36 weeks. The temperature regime of Wampus Creek was 
similar to that recorded by Hartland-Rowe (1964) for a small trout 
stream, Gorge Creek, located approximately 330 km southeast of Wampus 
Creek. Gorge Creek had temperatures above 10° C for 7 weeks and below 
5° C for 39 weeks. Macan found that his stream accumulated 30,500 
degree hours for the 30 weeks following the beginning of October. The 
comparable figure for Wampus Creek was 1,440 degree hours, which was 
similar to the 1,221 degree hours recorded by Hartland-Rowe (1964) for 
Gorge Creek, The total for the year in Gorge Creek was less than 30,000 
degree hours; for Wampus Creek the total was 28,650. 

Turbidity 

Although turbidity readings were not taken at regular intervals, 
the values that were obtained showed a direct relationship with flow 
(Fig, 6). eerie and summer readings were below 30 Jackson Turbidity 


Units, while readings of 0 JTU were obtained during the autumn and winter, 
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Fig. 6. Physical and chemical characteristics of Wampus Creek, May 


1967 to June 1968, 
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The turbidity readings of Wampus Creek are generally lower than the 35-90 
JTU reported for Wandering River (Robertson, 1967) and 14-42 JTU reported 
for the Bigoray River (Clifford, 1969), both muskeg rivers of Alberta. 
Chemical characteristics 

For the entire study period, the pH of Wampus Creek varied only 
from 7.5 to 8.6 (Fig. 6). Dissolved oxygen levels were relatively high 
at all times (Fig. 6). The percentage saturation was never observed 
below 80%, while the lowest concentration was 8.3 ppm on 27 June 1968. 
Total phosphate concentrations, varying from 0.1 to 0.4 ppm, were much 
lower than those obtained by Robertson (1967) for the La Biche River and 
the Wandering River of northeastern Alberta; and they were slightly lower 
than those obtained by Clifford (1969) for the Bigoray River. Total 
alkalinity varied from 70 to 180 ppm CaCO3; hardness varied from 50 to 


170 ppm. 
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SPECIES COLLECTED 


During the study period, 14 species of mayflies, 25 species of 
stoneflies, 14 species of caddisflies, and representatives of six 
families of dipterans were collected (Table 4); several specimens of 
other taxa were also obtained. Although 14 species of mayflies were 
collected, positive nymph-adult associations were possible for only 
six of these. The mayfly fauna was composed entirely of Corda lieran 
species. 

Positive nymph-adult associations were possible for only seven 
Of the 25 Stonefly species. the remaining species will require more 
taxonomic investigations. The entire stonefly fauna of Wampus Creek 
is that of Cordilleran species. Ricker (1964) listed Isoperla ebria, 
Kathroperla perdita, Alloperla severa, and Nemoura cinettpes as 
postglacial invaders from the southern Cordillera. Capnta (Utacapnia) 
trava represents a range extension; this is the first report of this 
species from Canada (Nebeker, personal communication). 

Fourteen species of trichopterans were collected, five of 
these being Rhyacophila species. Although larvae of Rhyacophtla spp. 
were abundant, positive larval-adult associations were not possible. 


The remaining species occurred in small numbers. 
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TABLE 4. Species list of aquatic invertebrates from Wampus Creek, and 
the total number for each species (or higher taxon) collected 
by all samplers during the study period 15 June 1967 to 6 June 
1968, The asterisk indicates species identified to given 


level by adult stages; identification not possible for immatures 


2 arte ER Ren Oa Rt ne ee ea oR os A ATS RE IL nw 2 Wa ID 
Ephemeroptera Total Number 

Ameletus spp. 24299 

*Ameletus oregonensts Eaton 

*Stphtonurus columbitanus Eaton 

Cinygmula spp. 197372 

*Cinygmula kootenat McDunnough 

*Cinygmula ramaleyt (Dodds) 


*Cinygmula reticulata McDunnough 


Epeorus longimanus (Eaton) 1,900 
Epeorus (Ironopsts) sp. 18 
Rithrogena spp. 458 
Baetis sp. 17,398 
Paraleptophlebta sp. 211 
Ephemerella coloradensis Dodds 189 
Ephemerella doddst Needham 1,802 
Ephemerella tnermis Eaton BES 
Ephemerella grandis ingens McDunnough LSZ 
Ephemerella tibtalis McDunnough 59 
Plecoptera 
Nemoura decepta Frison 726 


*Nemoura deltecatula Claassen 

Nemoura ctnettpes Banks 1,824 
*Nemoura columbtana Claassen 

Nemoura oregonensts Claassen 766 
Paraleuctra sp. 180 
*Paraleuctra ocectdentalts Banks 

*Capnia coloradensts Claassen 

*Capnia columbtana Claassen 


*Capnia trava Nebeker §& Gaufin 


o0e,f 
at 
Bab 
BOE .TI 
rs 
e81 
$08.1 
are 
cel aguonnut 
ae vs 


Plecoptera (continued) 
Capnta sp. 
*Eucapnopsts brevtcauda (Claassen) 
Brachyptera nigrtpennts (Banks) 
Areynopteryx (Megarcys) sp. 
Areynopteryx curvata Hanson 
Isogenus nonus (Needham & Claassen) 
Isoperla spp. 
*Tsoperla ebria (Hagen) 
*Tsoperla fusca Needham § Claassen 
*Kathroperla perdtta Banks 
Alloperla spp. 
*Alloperla fidelts Banks 
*Alloperla coloradensts (Banks) 
*ALloperla borealis (Banks) 
*Alloperla albertensis Needham & Claassen 
*Alloperta sp. (7 serera) 
*Alloperla palltdula (Banks) 
*Alloperla stgnata Banks 


Aeroneurta pactfica Banks 


Trichoptera 

Family Rhyacophilidae 
*Rhyacophtla valuma Milne 
*Rhyacophila voftxa Milne 
*Rhyacophtla acropedes Banks 
*Rhyacophtla angeltta Banks 
*Rhyacophtla verrula Milne 
*Glossosoma sp. 

Family Hydropsychidae 

Family Limmephilidae 
*Chyranda centraus Banks 
4Limephtilus sp. 
*Dicosmoecus sp. 


*Oltgophlebodes n. sp. 
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Trichoptera (continued) 
*Family Phryganeidae 
Apatanta sp. 
*Family Lepidostomatidae 
Leptdostoma sp. 
Family Brachycentridae 185 
*Brachycentrus sp. 


*Micrasema sp. 


Diptera 
Tipulidae 248 
Simuliidae 428 
Ceratopo goni dae 120 
Family Chironomidae 
Chironominae 471 
Ort hocladinae Ps 
Family Psychodidae 356 
Megaloptera 


‘valve isp. 


Coleoptera 
Heterlinnius sp. 3,018 
Collembola 6 
Hydracarina 102 
*Nemat omorpha 8 


Tricladida 15 


2. 


LIFE HISTORIES 


Ephemeroptera 


Ephemerella doddst Needham, Ephemerella grandis ingens McDunnough, 
Ephemerella inermis Eaton 


The life cycles of these three species were similar (Fig. 7). 
Emergence occurred during July and small nymphs of the new generation 
appeared by late July. The nymphs grew rapidly during summer and early 
autum ; but with the approach of winter, growth slowed down or stopped. 
Growth resumed in April and continued until emergence. The life cycle 
of FE. tnermis was similar to that found by Hartland-Rowe (1964) for 
the same species in Gorge Creek, a mountainous stream of southern 
Alberta. The life histories of the above species can be classified as 
univoltine, with a short summer emergence period, immediate hatching, 
and growth primarily in summer, early autumn and spring. 

Ephemerella coloradensts Dodds 

E. coloradensis had a slightly different life cycle from the 
above three Ephemerella species (Fig. 8). Adults emerged and oviposited 
during July and August; but small nymphs were not found until November, 
hatching apparently being delayed in this species. Only small nymphs 
(1.0 to 2.0 mm) were collected during the winter, growth not accelerating 
until April. The life cycle of the univoltine £. coloradensts was 
characterized by summer emergence, delayed hatching, no winter growth, 
and accelerated spring growth. 

Ephemerella_ ttbtalts McDunnough 
BE, tibtalie was only collected on 29 July and 18 August 1967; 


unfortunately a sample was not taken in July 1968 for verification of 
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Bug. e/a 


Length-frequency histograms of Ephemerella doddst, 
Ephemerella inermis and Ephemerella grandis tngens. 
Unshaded bar represents nymphs with darkened wing pads 
indicating impending emergence. Data for life histories 
of EF, tnermts and E. grandis tngens represents combined 


collections of fine and regular meshed dip nets. 
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Ephemerella inermis Eaton 
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Ephemereltla grandis ingens McDunnough 
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Big eo « 


Length-frequency histogram of Ephemerella coloradensts. 
Unshaded bar represents nymphs with darkened wing pads 
indicating impending emergence. Collections with fine 


and regular meshed dip nets combined. 
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30 
the 1967 collections (Fig. 9). #. ttbtalte probably is a summer, or 
temporary, mayfly species. Mature nymphs, indicated by darkened wing 
pads, were collected on 18 August 1967. Although no subimagos or 
adults were captured, emergence and oviposition undoubtedly took place 
in the latter part of August and early September. Assuming nymphs 
reappeared in July 1968, this would suggest a long period during which 
the eggs were dormant. After hatching, the nymphs would grow rapidly, 
and the complete growth and emergence phase of the life cycle would be 
completed in 6 to 8 weeks. Summer or temporary species have also been 
reported for Ameletus ludens Clemens (1922); Parameletus columbtae McD. 
Edmunds (1957); Ephemerella tgnita (Poda), Macan (1957b); Heptagenta 
prob. macultpennis Walsh, Clifford (1966a); Tricorythodes minutus 
Needham, Robertson (1967) and Cloeon sp., Stphlonurus alternatus (Say) 
and Paraleptophlebta debilis (Walker), Clifford (1969). 

Epeorus longimanus (Eaton) 

E. longtmanus had a univoltine cycle with emergence extending from 
July through October (Fig. 10). Hatching was somewhat delayed; small 
nymphs grew very little during the winter, but growth accelerated in the 
spring, and the nymphs continued to grow throughout the summer. Hartland- 
Rowe (1964) described the life history of £. longimanus in Gorge Creek. 
In his study, small nymphs did not appear until April, but he was not 
using a fine meshed net. Lehmkuhl (1968) studied the life history of 
E. lLongimanus in a western Oregon stream. He reported emergence from 
April to June, but the new generation did not appear until September, 
suggesting that the eggs remained dormant for several months. 


Rhithrogena sp. 
It was difficult for Hartland-Rowe (1964) to distinguish nymphs 
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Fig. 9. Length-frequency histogram of Ephemerella tibtalts. 
Unshaded bar represents nymphs with darkened wing pads 
indicating impending emergence. Collections with fine 


and regular meshed dip nets combined. 
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Fig. 10. Length-frequency of Epeorus longtmanus. Unshaded bar 
represents nymphs with darkened wing pads indicating 


impending emergence. 


9 
eunr 


8961 
9 
Aew 


vL 


390 


cb 


‘ydas 


8b 


‘pny 


L961 


(u0}e 7) 


snuewibuo; 


snioadq 


(NW) HLONIAT 


a3 


vem aig A tigt .300 


eber 


volk 
Bf 


Taer 


f 


anu 
er 


pib 


rTEMCLH (WIA) 


33 
of Rhithrogena virtlis from R. robusta and R. doddsi; I found a similar 
situation for Rhtthrogena in Wampus Creek. Rhithrogena virilts was 
present, but the bimodal appearance of the size-frequency histogram 
Suggested the presence of another species (Fig. 11). The data suggest 
that Rhtthrogena had a univoltine cycle with emergence in July and 
August, subsequent hatching and growth during the summer and autum, 
and cessation of growth in the winter. In the spring, growth resumed 
and development was completed. 

Baetts sp. 

Baetts sp. possibly has a life cycle consisting of two genera- 
tions a year, a slow-growing winter generation and a rapid-growing 
summer generation (Fig. 12). The winter generation appeared in 
October. Individuals grew little during the winter months, but growth 
accelerated in May. Emergence of the winter generation occurred in 
June, July, and August. Offspring of the winter generation, i.e. the 
summer generation, appeared in July. The individuals grew rapidly 
during July and August, with emergence occurring in September and 
October. A noticeable difference occurred between the June 1967 and 
June 1968 samples. The 15 June 1967 sample contained few individuals 
in the 1-2 mm size classes whereas the 6 June 1968 sample contained 
many specimens in the 1-2 mm size classes. The specimens in the 1968 
sample may have been the result of delayed hatching of the summer 
generation eggs, which would have been oviposited the previous autumn; 
or it possibly resulted from early hatching of eggs oviposited by 
adults of the winter generation that had emerged in early June. Macan 
(1957b) observed a similar bivoltine cycle for B. rhodant. Robertson 


(1967) reported a similar history of a Baetts sp. in a more northerly 
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Fig. 11. Length-frequency histogram of Rhithrogena sp. (or spp.). 
Collections with fine and regular meshed dip nets 


combined. 
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Length-frequency histogram of Baette sp. Unshaded bar 
represents nymphs with darkened wing pads indicating 
impending emergence. Specimens collected with fine meshed 


dip net, 
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36 
stream in Alberta. Clifford (1969) examined the life history of 
B. tricaudatus in the Bigoray River of Alberta. He observed an emergence 
peak in June and another peak in September but a large influx of small 


specimens did not occur during the summer. 


Plecoptera 


Nemoura cinetipes Banks 


N. etnetipes was the first aquatic insect to emerge in the 
spring (Fig. 13). As soon as openings appeared through the ice, mature 
nymphs crawled out and dispersed rapidly over the snow. When these 
nymphs were placed in a glass container partially filled with snow, 
they emerged within 1 hour. The presence of small nymphs in the 5 
April sample is difficult to explain. No adult N. cincttpes were found 
under the ice, although Clifford (1969) collected adults under the ice 
of the Bigoray River, located approximately 130 km east northeast of 
Wampus Creek, Sailer (1950) found W. colwmbtana Claassen adults under 
the ice in an Alaskan stream, and this species not only transformed 
into the adult stage under the ice, but mated and probably oviposited 
beneath the ice. A similar phenomenon in Wampus Creek might account 
for the small nymphs, but hatching would have to be very rapid. It is 
possible that the small nymphs were in fact a different species, 
closely resembling N. cinecttpes. Regardless, the nymphs of the new 
generation grew rapidly during spring, summer and early autum. By 
November, the nymphs appeared fully grown, and there was little growth 
during the winter months. 


Nemoura oregonensts (Claassen) 


The life cycle of W. oregonensis (Fig. 14) was similar to 
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Fig. 13. 


Length-frequency histogram of Nemoura cinctipes. Unshaded 
bar represents nymphs with darkened wing pads indicating 


impending emergence. 
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Fig. 14. Length-frequency histogram of Nemoura oregonensts. 
Unshaded bar represents nymphs with darkened wing pads 


indicating impending emergence. 
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39 
N. ctnetitpes; however, mature nymphs of WV. oregonensts were collected 
in the stream on 6 June, a time when the mature nymphs of WN. cinctipes 
had disappeared. The small N. oregonensis nymphs in the May sample may 
have been the offspring of the old generation, which emerged in early 
spring. The nymphs grew during the summer and autum, but growth 
ceased during the winter. Growth resumed in the spring and the nymphs 
transformed in June. 
Nemoura decepta Frison 

The life cycle of N. decepta was different from the above two 
Nemoura species (Fig. 15). Mature nymphs and also adults were collected 
during June and early July, but the new generation did not appear until 
February of the following year. The eggs must have remained dormant 
for about 7 months before hatching. During the spring the nymphs grew 
rapidly and emergence took place in June. 

Brachyptera nigrtpennis (Banks) 

Adult specimens of B. nigripennts were collected in June and July 
although no mature nymphs were found at this time (Fig. 16). Hatching 
occurred during August and September and the new generation grew until 
October. There was very little growth during the winter, but growth 
resumed in April, and the nymphs continued to grow rapidly until they 
emerged in June. 

Isogenus (Kogotus } nonus (Needham and Claassen) 

Emergence of J. nonus occurred in July and August, followed 
immediately by the appearance of the new generation (Fig. 17). There was 
little growth during the summer, and by autum the nymphs had only reached 
a maximum size of 3 mm; they did not grow in winter. Growth resumed in 


spring and accelerated rapidly during June and July, the nymphs growing 
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Length-frequency histogram of Wemoura decepta. Unshaded 
bar represents nymphs with darkened wing pads indicating 


impending emergence. 


8961 L961 


9 9 S be SL gL vl cb 8h 62 9 St 
eunr Kew jludy ‘G24 °99G AON 390 ‘ydag ‘Bny Aine Aynp eunr 


G4 eunr 
uoSiiy eyda.ap einoway 


auld 


dig 


aejnbay 


dig 


SUBsWID8dS Qy 
-—— 


d2 Q9¢ UNF -896l -s}|NpY 


HLONI1 


(WW) 


arub 


"gs 8 soul + 8aer 


g? 7h enuk 


2ttubA 


saer 


sive” 


~ 


ded 
a¢ 


3G 
er 


voll 
Sr 


170 jtas2 evA ylub 
by st Bf es 


veer 


ylul 
a 


enub 
er 


bib 


Beanyse 


TEVGLH (WW) 


Tein yonoupert-il 


201g57 tRd 5 


serena Rn oisiqulonw 2 
shaq giv bonparsb Arty. 


; somegronia gribmegms gn itso 


Srp Spalets Setiigenn:s MMenec! 


p+ 


Sent 


deme duty daly Bey, 


Vea7 


4] 


Fig. 16. Length-frequency histogram of Brachyptera nigrtpennts. 
Unshaded bar represents nymphs with darkened wing pads 


indicating impending emergence. 
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Fig: 


I fe 


Length-frequency histogram of Isogenus nonus. Unshaded 
bar represents nymphs with darkened wing pads indicating 
impending emergence. Collections with both fine and 


regular meshed dip nets combined. 
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13 mm in 4 months. 
Areynopteryx (Skwala) curvata Hanson 

Adults of A. curvata were collected in late May with the new 
generation first appearing in August (Fig. 18). Although few specimens 
were collected in the winter, it appeared that this species may con- 
tinue to grow throughout the winter months. 
Acroneurta pactfica Banks 

It was difficult to accurately interpret the life cycle of 
A. pactfica (Fig. 19). The composite nature of the population could 
be the result of a long period of egg hatching, retarded growth of many 
nymphs, the development of the species over more than one year, or a 
combination of these (Brinck, 1949). The presence of small nymphs in 
all samples could be explained by a long period of hatching or retarded 
development. After one year of development, growth appeared to 
accelerate resulting in a population having a wide range of sizes and 
no distinct grouping. Since mature nymphs were about 30 to 35 mm in 
length, it is possible that more than one year is required to complete 
the life cycle. More conclusive evidence might be obtained if head 
capsule width or wing pad development was measured; either of these 
might effectively group the specimens of varying total length into the 
same developmental stage. Development requiring more than one year has 
been documented for Steoperla prastna (Helson, 1934), Pteronarcys proteus 


(Miller, 1939) and an Eustheniidae from Australia (Hynes, 1964). 
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Length-frequency histogram of Areynopteryx curvata. 
Collections with fine and regular meshed dip nets 


combined. 
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Fig. 19. Length-frequency histogram of Acroneurta pactftca. 
Collections with fine and regular meshed dip net 


combined. 
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STREAM COMMUNITY COMPOSITION 
Percentage composition by numbers 


"Total" fauna 

Table 5 gives the number of animals of various orders collected 
with the regular meshed dip net and the fine meshed dip net during the 
period 15 June 1967 to 6 June 1968. On a seasonal basis, direct 
comparisons of absolute numbers cannot be made, since there may be 
differences due in part to inefficiency of sampling. For example, 
the small number of animals collected in winter may have been due to 
a lower population density at this time, but the physical difficulties 
encountered with winter sampling were undoubtedly important as well. 
Likewise the large number of animals collected in September and October, 
when the water level was low, was in part probably due to sampling bias. 
To eliminate the bias due to sampling inefficiency, absolute numbers 
of each order were converted to a percentage of the total of the five 
orders (Table 5). 

Mayflies were the dominant group of Wampus Creek; for most of 
the year Ephemeroptera made up at least 50 per cent of the ''total' fauna. 
Maximum percentages were in May, June and September with minimum values 
in December and February. Stoneflies, in contrast to mayflies, made up 
a more stable although smaller part of the "total" fauna. The maximum 
percentage for Plecoptera was 29 per cent in May. Diptera (predominately 
Orthocladinae) contributed a variable amount to the total fauna, maximum 
values being 33 and 59 per cent in December and February respectively. 
These high values were probably absolute increases, but they might also 


have been due to inefficient sampling of other orders at this time, 
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48 
especially Ephemeroptera. 

Percentage composition values can be misleading; variation could 
be due to an absolute increase in the number of animals of one species 
or to an absolute decrease in the number of other organisms. To over- 
come these "interspecific" influences, especially between species of 
different orders, percentage composition of species within the same 
order was also determined. 

Ephemeroptera 

Each of seven species of Ephemeroptera contributed values greater 
than 2 per cent of the total mayfly fauna (Fig. 20). The greatest con- 
tribution was by Baetts sp. and by the species of Cinygmla. In June, 
the dominant mayfly was Baetis sp. with Cinygmula spp. next in abundance. 
In early July Baetts sp. had increased, probably as a result of the 
influx of the summer generation. The decrease of Baetts in the latter 
part of July could be correlated with its emergence at this time and 
hence the loss of the winter generation. The interpretation of the 
Cinygmula spp. is complicated by inability to differentiate the species 
present; however, the decreasing values during July and August were 
probably the result of emergence. A similar decrease also occurred for 
Epeorus longimanus, which had the same type of emergence pattern as 
Ctnygmula spp. The gradual increase in numbers during August and Septem- 
ber by Baetts sp. was probably the result of summer hatching. By August, 
the Cinygmula complex also began increasing in numbers due to hatching 
of the new generation. The number of Cinygmula continued to increase 
through September and October, making Cinygmula the dominant winter 
mayfly. The Baetis population decreased in autumn due to the loss of 
the summer generation, and the winter generation contributed only a 


minor part to the winter mayfly fauna. 
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Pip ee). 


Percentage composition in numbers of Ephemeroptera and 
Plecoptera collected with regular dip and fine dip nets 
from 15 June 1967 to 6 June 1968. Width of spindle is 
proportional to the total numbers of each order collected 


on the sampling date. 
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Plecoptera 

Throughout the year, the plecopteran fauna contributed a small 
but consistent percentage of the "total' fauna. There were seven species 
and one "species-complex" mainly contributing to the stonefly fauna 
(Fig. 20). A dominance status was not applicable to any one species, 
Since each species occurred only in small numbers. During the summer, 
Nemoura cinettpes and the Alloperla complex contributed the greatest 
numbers, With the recruitment of the new generation of Brachyptera 
nigrtpemts in August and September, this species became dominant. 
During the winter, Nemoura cincttpes and Brachyptera nigripennte formed 
the major part of the stonefly population, with Nemoura decepta appear- 


ing and becoming important in late winter. 


Percentage composition by volume-biomass 


"Total" fauna 

Ephemeroptera was the dominant group by percentage volume-biomass, 
as well as numbers (Table 6). Mayflies, on a relative basis, achieved 
their greatest biomass values in July (37%) and December (70%). In 
general, the contribution to volume-biomass by plecopterans was higher 
than their contribution to numbers. This would be expected, since 
stoneflies, especially some of the setipalpian specimens, grow to a 
larger size than mayflies. Trichoptera, Diptera, and Coleoptera contri- 
buted little to the biomass structure of the stream community. 
Ephemeroptera 

Cinygmula spp. and Baette sp., because of their large numbers, 
made the greatest contribution to the volume-biomass (Fig. 21). In 


spring, Baetis nymphs contributed the greatest biomass. Ephemere lla 
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Pig yee le 


Percentage composition by volume-biomass of Ephemeroptera 

and Plecoptera collected with regular dip and fine dip nets, 
15 June 1967 to 6 June 1968. Width of spindle is proportional 
to the total volume-biomass of each order collected on the 


sampling date. 


9-9 


8961 
9-¢ 


S-¥ 


2-2 


Gb-2b 


gL 


bb 


vl-OL 


L961 
Zb-6 


81-8 


62-L 


Poljtoed ePlinauoisy 


‘dds eliadoyy 


snuou snuabos} 


Byeaing xKaaydoukrsiy 


“ds xKiaydouKkaiy 


stuuadiibiu e1aydhyoeig 


‘ds eludes 


sadijourd einoway 


sisuauobai0 einowap 


suaHul sipuei6 ejjaiawaydg 


Isppop ejjasawaydg 


‘ds sijoeg 


dds euabosyyiyy 


snuewifuo; snioadg 


‘dds eynw6Aui9g 


snjajouy 


dig eury 


ve-2 


Gi-2b 


Bb-Lb 


vL-OL 


L96L 
7L-6 


81-8 


62-L 


dia 


aejnbay 


B1ia}d0dald 


eiaydosawaydg 


ee a ee 


=" gt taptsloma 
| - : 
tt lek ee 
’ | fe. ; re G 


fSneinigea) 20 .e993 


p52  BEBOT at eh 


Fo Lewierohpate 


$2 foa8 
iaphok (AhisIsmaias 
7 zcepol zrhpsre sliaramsadg3 
; SEED GEREN DES eee 
= ; — 7 atemansg sve! e\uomalt ; 


| u ‘SQiF2ly atuonian 
| LY 
| } j 
| \ } 
j he StGe2 
¢ | 7 Pie Ae pant 
j 
| } 7 
| Ziunenltain eysig¢haert 
| ata) bE Sal Dok = 
siqouyats 


histo bjere 


oe 8 b-< > «SS «fot Sher sto? Sf She Pt COE OST 
teer 


a8 8f th MGS Uh tr ateTt at-Or Ghee | 6St-R AS-T 


58 


doddst, the largest mayfly nymph of the stream, also contributed 
Significantly to the spring biomass. In early July, Baetis sp. were 
emerging with a resultant decrease in biomass. At this time F&. doddst 
nymphs were reaching maturity and thus increasing in volume-biomass. 
By the latter part of July, most of Baetts sp. and FE. doddet had 
emerged; at this time Epeorus longtmanus nymphs were larger and they 
contributed importantly to volume-biomass. In respect to volume- 
biomass, Cinygmula spp. was the dominant winter mayfly. 
Plecoptera 

The seasonal percentage composition by volume-biomass of 
plecopterans showed little resemblance to their seasonal percentage 
composition by numbers (Fig. 21). The percentage composition by numbers 
was dominated by filipalpian species. Even though the filipalpian 
species occurred in greater numbers than the setipalpian species, they 
were not as important in terms of volume-biomass as the large setipalpian 
species. On a biomass basis, Acroneurta pacifieca, which attained a 


length of 35 mm, was the dominant stonefly throughout the year. 


STANDING CROP 


The advantages and limitations of the Surber-type square foot 
sampler are well known. Leonard (1939) examined numerous samples from 
a uniform bottom type and concluded that one sample may yield a reasonably 
accurate index of the amount of food organisms produced per unit area of 
uniform bottom type, but one sample cannot provide a comprehensive 
picture of the relative numbers of individual species from an area larger 


than that from which the sample was collected. Needham and Usinger 
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(1956) calculated that 194 ft* samples would be required to give statis- 
tically significant figures on total weights of organisms, and 73 samples 
would be necessary to give statistically significant figures on total 
numbers. Armitage (1958) provided further statistical evidence that 
the Surber sampler was not quantitative. In spite of these problems 
associated with the Surber sample, the "quantitative" data were still 
important for the watershed study because it was felt that land use in 
the Wampus Creek watershed might alter the standing crop. Collections 
made after land use (i.e. pulpwood extraction) could be compared with 
the standing crop values obtained in the present study (i.e. before 
land use). 

During the sampling period, Wampus Creek had an average of 190 
organisms per ft” (2047/m2) and an average volume of 0.33 cc per ft? 


2 was less than 


(3255 cc/m*) (Table 7). The number of organisms per m 
the 7100/m* recorded by Robertson (1967) and the 4568/m* found by Gaufin 
(1959); but it was somewhat higher than the maximum number of 1296/m2 
reported by Clifford (1966b) for some Ozark streams of southern Missouri 
and the 1002/m* determined by Tebo and Hassler (1961) for western North 
Carolina trout streams. The average volume of 3.55 cc/m* found in 


Wampus Creek was slightly lower than the 4.95 cc/m? calculated by Tebo 


and Hassler (1961). 
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TABLES? 


Number/ft. 2 


Number/m* 


Volume/ ft. 2 


Vol ume/ m2 


Standing crop by numbers and volume-biomass for each 


sampling date, using the fine meshed Surber sampler 


Sampling date 
1967 


1968 
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56 
SAMPLING EFFICIENCY 


Life histories and mesh size efficienc 
en men size efficiency 


To examine the importance of mesh size for collecting and 
analyzing life histories of aquatic insects, it was necessary to select 
species that exhibited Simple life cycles; e.g. species with one gener- 
ation a year, without delayed hatching and without overlapping genera- 
tions. Ephemerella doddst, Nemoura decepta and Brachyptera nigripennis 
Satisfied these criteria and they were used for this examination. 

To statistically compare the efficiency of the fine and regular 
meshed dip nets, the chi-square (x2) test for independence was used. 
This statistic is used to test the hypothesis that two or more samples 
are drawn from the same multinomial population, (bi, 1964) 7) A multie 
nomial population is a set of observations that can be classified into 
a number of categories. When a random sample is drawn from a population 
each category will contain certain observed frequencies. If another 
random sample is taken from the same population, the resultant observed 
frequencies should be similar to the frequencies observed in the first 
sample, provided the same population is sampled and the sampling 
technique is the same. Therefore, to apply this test, one must first 
assume that, even though the regular meshed dip net samples and the fine 
meshed dip net samples were taken in different areas of the same riffle 
section, the same aquatic insect population was sampled. That is, with 
reference to a particular species one should obtain the same size classes. 
Diethe frequencies anveach size class are similar for each sample, the 
Size class distributton 1s,independent of the mesh size or the sampler, 
The null hypothesis is that the samples have the same set of relative 


frequencies; that is, the size class distribution is independent of the 
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mesh size of the sampler. 

This statistic also permits comparisons between samples of unequal 
totals. Since the hypothetical frequency in this test is calculated 
from the pooled relative frequency, total absolute numbers need not be 
the same, 

During the life history of FE. doddst only one sample (29 July 
1967) resulted in a significant x* value (Table 8). In other words, the 
size class distribution of this sample was not independent of the mesh 
size of the two samplers. Table 9 shows the calculation of the x* value. 
Examination of the colum (f-h) for the 0.5 and 1.0 mm size classes of 
the regular meshed dip net sample reveals that this sample had a deficit 
of small specimens. The resultant x* values for these classes contributed 
a significant portion to the total x* value. The biological meaning of 
thersioniticant x* value becomes apparent upon examining the life history 
of E. doddst (Fig. 7). The 29 July 1967 sample included specimens 
collected during the hatching period. At this time, large numbers of 
small specimens were undoubtedly present in the population; this popula- 
tion was sampled with greater efficiency by the fine meshed dip net than 
bya the regular. 

Inefficient sampling of small specimens was also determined for 
N. decepta. Small specimens were absent from the regular dip net on 24 
February and 5 April and hence no x* calculations were made for these 
dates. Even when small specimens appeared in the regular dip net sample 
of 6 May, their relative frequency was different from that obtained by 
the fine meshed dip net; thus the significant x2 value (Table 8). 

No significant differences were obtained between the regular mesh 


and the fine mesh samples during the life history of B. nigrtpennts. 
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TABLE 8. Comparison of mesh size efficiency during the life cycle of 
Ephemerella doddsi, Nemoura decepta, and Brachyptera 


nigripemnts as determined by chi-square analysis 


Calculated Theoretical Conclusion 
2 me 
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TABLE 9. Calculations for x* value for comparison of mesh size 


efficiency in 29 July 1967 sample of F. doddsz 


Observed Hypothetical 
Class Frequency Frequency (f-h) 
(h) 


(f) 
Regular Dip Net 0.5 0 4 -4.0 
ee) 5 21 -16.0 
19 a2 80 12.0 
20 14 6 8.0 
Eaune Dip: Net Oras a 89 4.0 
170 56 40 ASS 
oS) 138 150 -28.0 
BAY) 3 in -8.0 
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Although the number of nymphs collected in the regular dip net was 
small, the regular dip net always collected specimens with size class 
distributions similar to those of the fine meshed dip net. This might 
be due, at least in part, to the morphology of the nymphs. They had 
antennae that were disproportionately long in relation to body length 
(Fig. 22). Thus, a morphological feature could explain the significant 
efficiency of the regular meshed net. 
Body shape and mesh size efficiency 

The composite sampler provided an opportunity to examine the 
relationship between the body shape of nymphs and the efficiency of 
mesh size (Table 10). Specimens of WNemoura cinettpes and Epeorus 
longtmanus longer than 2.0 mm did not pass through the regular mesh. 
However, Baetts nymphs smaller than 3.5 mm and Paraleuctra nymphs up to 
4.5 mm in length did pass through the regular mesh. This difference in 
efficiency might be explained by the body shape of the species. WM. 
cinetipes was cylindrical, robust, and hairy; EF. longtmanus was flat- 
tened, while Baetts sp. and Paraleuctra sp. were cylindrical and stream- 
lined (Fig. 23). WN. ctnettpes and E. longimanus had a greater over-all 
width than did Baetts sp. and Paraleuctra sp. Thus, mesh size efficiency 
might best be expressed in terms of the maximum width rather than the 
body length of the specimens. 

For the five major orders of aquatic insects, the regular and 
fine meshed dip nets were compared in terms of percentage numbers and 
percentage volume-biomass (Figs, 24,25). Exeept/for some minox dirfer= 
ences, the results were surprisingly similar. Also, both the regular 


and fine meshed dip nets collected a similar type fauna. For example, 
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Ea emecic: 


Dorsal view of Brachyptera nigrtpennts; note long 


antennae. (X 15) 
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Comparison of body shape of Baetts sp., Nemoura ctnettpes, 
Epeorus longimanus and Paraleuctra sp. (left to right 
respectively). 
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Fig. 24. 


Comparison of percentage numbers of various insects 
collected by regular and fine dip nets. Each order is 
expressed as a percentage of total number of animals 
collected on each sampling date. Unshaded bar represents 
the regular dip net sample. Shaded bar represents. the 


fine dip netesample. 
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Fig. 


Zoe 


Comparison of percentage volume-biomass of various 
insects collected by regular and fine dip nets. Each 
order is expressed as a percentage of total volume of 
animals collected on each sampling date. Unshaded bar 
represents the regular dip net sample. Shaded bar 


represents the fine dip net sample. 


Ephemeroptera Plecoptera Trichoptera Diptera Coleoptera 


66 
in terms of numbers collected, Cinygmula sp. and Baetis sp. were the 
dominant mayflies in both nets. Similar results were obtained for 
volume-biomass. In short, on a relative basis, both samplers would 
yield similar results. 

To examine the absolute differences in terms of numbers and 
volume-biomass, the composite sampler was utilized. Table 11 gives the 
results of one sample, 6 June 1968, taken with the composite dip net 
sampler. The percentage of organisms passing through the regular mesh 
was high for Ephemeroptera, Plecoptera, and Diptera (45%, 29%, and 
84% respectively). Since only small specimens passed through the 
regular mesh, the loss in terms of volume-biomass was low; e.g. 4% 
for Ephemeroptera, 1% for Plecoptera, and 6% for Diptera. The bio- 
logical implications of these results will be dealt with in the 
Discussion. 

Number and volume-biomass of different meshed Surber samplers 

A comparison of number and volume-biomass obtained by the 
repular and fine meshed Surber sampler 1s given in Fig. 26. In ald 
samples, the number of organisms per ft* collected by the fine meshed 
Surber was greater than that collected by the regular meshed Surber. 
Since the samples were taken close together, the differences cannot be 
explained by "clumped" distribution for the probability of consistently 
sampling the "clumped" distribution with the fine meshed Surber and not 
the regular meshed Surber would be very high (especially with 10 repli- 
cations). In contrast to the results for number of organisms, the 
data on volume-biomass, expressed as cc/ft*, did not show great 
differences (Fig. 26), except for 29 July and 14 October. For these two 


samples, the differences were largely due, to the presence or absence of 
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BiG. eco. 


Comparison of numbers and volume-biomass of organisms 
collected with regular and fine meshed Surber samplers. 
Unshaded bar represents regular Surber sample. Shaded 


bar represents fine Surber sample. 
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of large specimens of the stonefly Acroneuria pactfica. If these large 
specimens were removed, the volume-biomass collected by each mesh would 
be virtually the same. 

The problem of possibly not sampling the same population was avoided 
by using the composite Surber sample. Since the same population was 
sampled, the difference in numbers would be the result of differences in 
mesh size, Slhe composite Surber Sample provided conclusive evidence that 
the differences in numbers were due to mesh size (Table 12). The number 
of organisms that passed through the regular mesh was high for each 
order; the biological ramifications of these results will be dealt with 
in the Discussion. In contrast, for volume-biomass the results of the 
composite Surber sample showed that the differences due to mesh size were 
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DISCUSSION 


Life histories 


Species have evolved various types of life histories to adapt to 
their environment. Macan (1965) classified life histories of aquatic 
insects into three main groups: (1) development takes longer than one 
year; (2) one generation in one year (univoltine), subdivided into 
(a) "summer species" with eggs laid in early summer, development 
completed in the summer, and winter passed either in egg or adult stage, 
(b) "winter species" which overwinter as larvae and disappear from the 
water or become very scarce during the summer; (3) more than one genera- 
tion in a year (bivoltine). In addition to summer species, Hartland-Rowe 
(1964) recognized two types of winter species based on growth character- 
istics: (1) species that hatch in late summer, grow in autum, do not 
grow in winter, but resume growing again in spring with development 
completed in summer; (2) species that hatch in spring, grow in summer, 
autumn and slowly in winter, and then grow rapidly in spring with emer- 
gence also in spring. Pleskot (1962) used the term ''temporary species" 
to describe those species that appear in streams for only a short period 
each year. 

Thirteen of the 15 Wampus Creek species for which there were 
adequate data had one generation in one year (univoltine) ; Baetis sp. had 
at least two generations a year, while Acroneurta pactfica required more 
than one year for development. Of the 13 species with univoltine life 
histories, only Ephemerella tibialis was a true summer (temporary) species; 
the remainder were winter species. 

Although the mayflies and stoneflies of Wampus Creek exhibited 


various types of life histories, the seasonal occurrence of certain life 
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history processes, such as emergence and growth, were similar for all 
species (Table 13). Clifford (1969) contrasted the restricted emergence 
period of the fauna of the Bigoray River (Alberta) with longer emergence 
periods in streams where winters were shorter and milder (Hynes, Tool: 
Kraft, 1964; Peters and Warren, 1966) or remained open in winter because 
of a steep gradient (Sheldon and Jewett, 1966). In Wampus Creek, emergence 
of all species except Epeorue Longimanus , Baetts sp. and Nemoura cinettpes 
was confined to the period May to August. This undoubtedly reflects the 
physical and climatic factors of this area. Water temperatures 
restricted the emergence period to the summer months. Since all species 
(for which life histories were described) have aerial adults, the long 
period of ice cover will limit emergence to the ice-free period, a 
relatively short period in the Wampus Creek region. 

The possible relationship of temperature to growth phases of 
aquatic insects has’ been discussed by several workers.  Illves™ (1352) 
advocated the "Entwicklungsnullpunkt" theory for nymphal growth: as the 
temperature of the stream gradually falls in the autum, growth at a 
critical low temperature, the so-called '"'Entwicklungsnullpunkt", ceases 
for each species. In spring, growth will resume when the temperature 
exceeds the critical point. Hynes (1961) and Illies (1952) found that 
the growth rates of plecopteran nymphs in their respective study areas, 
Britain and southern Sweden, were very little affected by low winter 
water temperatures. Winter conditions in their areas are not severe. 

For Scandinavian waters, Brink (1949) found the growth rate of stoneflies 
changed considerably with latitude; colder climates resulting in retarded 
growth rates. Svensson (1966) reported decreased growth with decreasing 


water temperature for stoneflies of northem Sweden. For Wampus Creek, 


beens < ion sale . 
om ws 


a : i ao 7 ve 
‘ £80L vaeit) tobiim bis weit aes eobsnic pees orte can bot _ A 
eae a Ay 


seuased rotniw nt maqo benister 70 (ode , coral bre Siw — <Therd . “aig 
yagi ; ro) 

sornegrem® ,A99rD avgmsW nl ,(d0eL , biel bite nobtare) ‘suaibery i a to y 
ssuttonrs oanansl Gris ge artepa eagrnmmngive! anaaga sqaoxs seioeqe ‘Un 30 a 


oft astsolter utbesduobm aiiT .t20guA of yal neree otis 03 benitaco 2aw is 


2.wisrsqmes tote .se1s atdz to atofost oitnmilo bas. taoiext : 


zefoeqe [fp sone ,ardtsrosi xomue of3 oF bottag sonagroms arly bosaingees 


es 
gnol ad? ,etivbs Isites ever (bedixoesb arew ery tit hide 703) i 
c 

5 ,bofteq esrt-o2i ent oF sonsyroms Simi Ifhiw TeVvoo art to boixeq : 

7 7 ; 7 

ftotger deer) augue’ oft at borteq trode yloevitsler 7 


0 aaeadq dtwote oF etusayvsqmes Yo qidenortsiss eldteeog oAT 4 . q 
(S2eL) zetifl .exedrow fsvavee yd beeesoatbh nésd aad azseent > baaupe y 
edit 28 :Atworg Ieromyn tot y'rosrs spe tase to iva” oda boswoovbs if 
8 ty ddworg —mmitus oft mk alist ehapbag msexte oft to sau seroqnod al 
292892 a RATER ESTES CEA EN TE beliso-o# edt  USaTegMes wot isolttro | - 
srusaraqmes ody codw omuzey Lltw daworg .gatxuqe al .astoege doe tot - | 
tsdd boot (seed) 2eritt Se (£aer) zeny Ta: isoitixo ods ate? a 
.259T8 ybus2 Sefsunitiee cterls mt edamyn netesqoos ta, to Prered Maing sail . /. 


ie oe mh Mee re 
tetmiw wol yd boosts gissil Viev sTow etobawe, ers : 


.sreves tom 918 aber riot nt sda vent 
agiltenote to 93st tiwag ong brute? heae had Ar 
bebrase ak gait beer ersmito nobto9 aie see itiw yf 


19 


yeei) snduwey Jo sat[youoys pue sat{tfJAew oy} FO surojzed aTOAD FIT 


SAT eETnoedS — 3 I9}UTM — M un jny — V Toewwns — § 8utadg — ds 
rIeoXk auo uey s10W 3 g-AIne Arne Atar porfiood piinauoioy 
SUTI[TOATUN ds‘m3iv‘s sny oun ¢- Ae Kew pivaino xhtazdouhory 
sUuTATOATUN ds‘y sny sny sny-A[ne snuou snuebost 
sUuTITOATUN ds‘y ydag-3ny A[n¢ Arne-eune squuedisb1u viezdhyooig 
SuUTITOATUN ds qe 4 Arne A[ne-eunr pyda0ep Dinoway 
suTITOATUN Ve AeW AeW ounp-AeW sisuauobaio pinowey 
9UTTOATUN y'o*ds Aew-1dy 3 Aew-idy 3 sun -idy sediqzou1o Dinowey 
eleydosetd 
is eune pe aoe all ee in uoTjeLeues TowUNsS 
SUTI[OATQ ds ‘még AON- des ydas "———- aun p- Ae uoTJeIOUSS I9}UTM 
"ds s24ang 
@UTZTOATUN doar ic sny sny-Atne sny-Atne “dds nuabory41yy 
ouTITOATUN eiSdic aq 190-sny 390-Atne snunuibu0o1 snitoedq 
9UTITOATUN S A[ne Aqrne-sny 8nv 81101412 017 atawuaydq 
SUTI[OATUN ds AON sny sny-A[ne SLSUAPDLO1OO D1] aAteMeYydy 
9UT}ITOATUN ds‘y‘s 8ny-A[ne Arne Aqne SIUAAUL DZ aLaWMaeYdg 
SUTIITOATUN do *y*s Arne Arne Aqne suabu1r sipuni6 v7 7 etaweydg 
SUTI[OATUN dg sys ATO er A[n¢ Arne Lsppop v1, eAaweydy 
ero ydoromeydg 
odAg YyIMoLly SuTYyo eH o3eys aouesTowg 
S[TIAD OFT 334 


20 s1dv. 


shidiovid 


anitiovinu 

ami tiovint 

_ enisioviny 

enisioy fas 

saitiovinu 

enitioviay 
tTaSY Ofo refs atoM 


SS ee 


svissiuasge — * 


2 yinl 
2oge 2e 
qe,A,é guA 
qeW? toU-~sqae 
a omt 
Ave, Je ysh-aqAt 
Ae {eM 
qe det 
qe, A tqoe-aHA 
qe, 4 guA 
g2,W8, 4.2 - BUA 
" S-vint 


Ttotcit# — W 


yiul-guA 
s00-gi/A 
guA-viut 


4 


qué-yinl 
QuA 

450-yfut 

guA-yinl 


eee enmut- vaM 
Smt tqse =guA 


yeM rg ht 
ysl 
yiub 


int 


ermsl-tgA 

oml-~aM 
yigL-onub 
“iul-smub 

ayh=Vial 
yam 


yint 


STSNSHOQSTO BANC 


Sqasanss 


bisa cingait inst guess 


SNMON SURSQOSL 


HINGIS aigredgon goss 


b%, 


samme — 2 


ettiond Srivanctshk 


gnitge — ge 


74 


the increase in size of individuals was greatest in late summer, autum, 
and spring, with the possible exception of Arcynopteryx curvata (Table 
13). This suggests that physical conditions during the winter inhibited 
growth; e.g. Wampus Creek has an average winter water temperature of 
abovted.SaCg 

The life histories of temperate and especially subarctic stream 
insects might best be discussed in. terms of two seasonal systems: the 
winter, or ''closed'"', system and the spring-summer-autumn, or "open", 
system, The presence of an ice cover on Wampus Creek for about 7 months 
of the year effectively isolates the fauna from the surrounding environ- 
ment; loss of species from the community as aerial adults during this 
time is not possible; recruitment of new species is possible only by 
the delayed hatching of eggs, which would have been oviposited during 
the. ice-free (open) period. Of the 14 species that appeared in the 
spring, only Epeorus longimanus and Nemoura decepta did not occur in the 
autumn samples. These two species appeared during the winter as the 
result of delayed hatching. -In general, the winter period, or ''closed” 
system, was characterized by only minor changes in both numbers and 
volume-biomasses. 

With the disappearance of the ice, the stream becomes an open 
system. Increasing air temperature results in increasing water tempera- 
ture. WNemoura cinctipes emerged as soon as openings appeared in the ice. 
During June, July and August, the remainder of the winter generations 
emerged, The new generations hatched quickly and the nymphs grew rapidly 
during summer and autumn. The loss of the winter generations by emer- 


gence and the appearance of the new generations creates a community with 


fluctuating numbers and volume-biomasses. 
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The life histories of the species reflects a delicate balance 
between the physical environment and the biological community. Undoubt- 
edly the fauna has adapted to the rigorous conditions of this region; 
it is this balance that might be detrimentally altered when the land 
is cleared during pulpwood extraction. 

One may speculate as to the possible physical changes that 
might occur as the result of future land use. Some effects of land 
clearing on the physical environment of streams have already been 
documented. Logging in steep terrain in the northwestern United States 
increased turbidity 5,600 times (Hornbeck and Reinhart, 1964). Studies 
in the Pacific Northwest have shown that clear-cutting, i.e. removing 
all the timber from large tracts of land, changed the daily water 
temperature by 8°C, with a mean monthly temperature change of 8°C 
(Krygier and Brown, 1967). Woodland clearance along a stream in 
northern England increased the maximum stream temperature from 15°C to 
21.5°C (Gary and Edington, 1969). Also, removal of the watershed 
vegetation will undoubtedly change the annual flow patterns. During 
the spring, the vegetation inhibits snow melt. With removal of this 
vegetation, run-off will not be retarded, resulting in much higher 
spring discharges. The vegetation also acts as a reservoir, storing 
run-off water. Loss of the upper canopy, namely trees, will probably 
result in marked changes in run-off from summer rains. Evaporation 
from the soils will probably increase due to the loss of the upper 
canopy, which effectively shaded the soil. 

What effect might these changes have on the aquatic inverte- 
brate fauna? Since the precise requirements of individual species 


are not known, discussion of future changes must be restricted to 
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76 
general statements. Permanent changes in number of Species, number of 
individuals and biomass could result if siltation was intense and of a 
long duration. If extensive substrate changes took place, drastic 
shifts from "clean rubble and gravel" aquatic invertebrates to those 
inhabiting silt would probably occur. If siltation resulted in a 
decrease of suitable habitats, the species composition might remain 
the same; however, the numbers and: biomass would likely decrease 
(Wustenberg, 1954; Tebo, 1955, 1957; and Bachman, 1958). 

The influence of temperature on growth and emergence of aquatic 
insects has already been discussed. Unfortunately, few data are 
available on the temperature tolerance of individual species. Whitney 
(1939) found lethal temperature values of 22.4° and 24.7°C for popula- 
tions of Rhithrogena semicolorata (Curtis) taken from two streams. The 
lethal temperature was about 21°C and 28.5°C for Baetis rhodani (Pictet) 
and Cloeon dipterum (Linnaeus), respectively. Small specimens were 
found to be more resistant than larger ones. To document the effect 
of temperature, it would be necessary to experimentally determine the 
lethal temperature for each species. 

Sampling efficiency 

Jonasson (1955) stated that many conclusions pertaining to life 
histories of insect larvae have been erroneously arrived at because of 
the use of too large a mesh size. In my study, the interpretation of 
the life history of Nemoura decepta would have been incorrect if only 
the regular meshed dip net samples were considered. One would have 
concluded that eggs from this species had remained unhatched from July 
coe the feilowing May; however, the fine meshed dip net samples indicated 


that the eggs hatched in February and the nymphs remained very small 
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If the life histories of aquatic insects are to be classified 
accurately into broad groups, it is imperative that conclusions be drawn 
from samples collected with fine meshed Samplers. Admittedly, the life 
histories for Epeorus longimanus, Nemoura cinctipes, Nemoura oregonensts, 
and Brachyptera nigripennis obtained separately by regular and fine 
meshed dip nets were very similar; however, if these species had life 
histories with delayed hatching or more than one generation a year, the 
fine meshed dip net would have provided more accurate information than 
the regular meshed dip net. 

Macan (19582) reviewed the various methods of sampling the bottom 
fauna in stony streams. For populations of Rhithrogena, he concluded 
for the 1-2 mm size nymphs that the coarse net (20 threads/inch) 
collected only 20% of what was collected in the fine net (180 threads/ 
inch) and only 40% of the 2-3 mm size nymphs, For Baetts, nearly every 
specimen under 2 mm passed through the coarse net. In contrast, speci- 
mens above the 5-6 mm size group were collected more efficiently with 
the coarse net. Mackereth (1957) caught more of the large sized speci- 
mens of stoneflies in a coarse meshed net than the fine meshed net; 
however, the fine meshed net caught more of the small sized specimens. 
In the Wampus Creek study, 83% of Baetts sp. in the 2.0 mm size class 
passed through the regular meshed net; and all the specimens of Baetts 
sp. in the 1.0 and 1.5 mm size classes passed through the regular mesh 
(Table 10). These percentages cannot be applied to all species, because 
mesh efficiency varies with the shape of the organism, Flattened 
specimens see as Epeorus longimanus were collected with greater 


efficiency than the thin, cylindrical specimens of Paraleuctra sp. 
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In energy flow and trophic levels studies, mesh size is very 
important. The results of the composite Surber sample indicated that 
from 52-70% of total numbers of organisms in a unit area were missed 
using the regular meshed net (Table 12). The loss in volume-biomass 
was 2-7% of the total volume-biomass. Since the small organisms are 
an integral part of the food web of a community, the absence or 
presence of large numbers of small specimens could have a marked 
Crrect (on, the trophic structure of the commmity.— By tailing to 
adequately sample these small organisms, their contribution to the 
food web is ignored. For Allen's (1961) study of the Horokiwi Stream, 
this may in part explain the discrepancy between the standing crop of 
invertebrates and the amount that had to be eaten by trout to account 
for the productivity of the trout. The small stages of aquatic insects 
were probably very important as food organisms for young trout fry; 
and hence would contribute to the productivity of the trout. Since 
these organisms were not sampled, their contribution to the productivity 


of the stream was not considered. 
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